A 62-year-old man developed concomitant right-sided pneumothorax and pneumopericardium after undergoing implantation of a left-sided dual-chamber pacemaker. The case is reported for its rarity. The possible mechanisms and management options for this extremely rare complication are discussed.
Introduction
Ipsilateral pneumothorax after pacemaker implantation is an uncommon complication. It has been variably reported in 0.5%e 0.66% of implantations, usually caused by needle injury during venous access [1] . However, development of contralateral pneumothorax is very rare. Association of contralateral pneumothorax with pneumopericardium is even rarer. We present a case of concomitant right-sided pneumothorax and pneumopericardium following left-sided pacemaker implantation.
Case report
A-62-year-old man presented with complaints of recurrent episodes of presyncope for nine months. There was no history of syncope. The baseline electrocardiogram revealed trifascicular block. Twenty-four hour Holter monitoring revealed intermittent high-grade second degree atrioventricular (AV) block. There was no structural heart disease on echocardiography and biventricular function was normal.
Accordingly, the patient underwent dual-chamber permanent pacemaker (Medtronic Attesta, LDR MRI SureScan, ATDRL1-Medtronic, MN, USA) implantation through left axillary venous access. Active fixation leads were used both in right atrium (RA) and right ventricle (RV). At implantation, atrial lead pacing threshold was 0.75 V at 0.4 ms, sensing was 2.8 mV and impedance was 495 U.
Ventricular lead pacing threshold was 0.5 V at 0.4 ms and impedance was 644 U. The procedure was uneventful without any inlaboratory complications. Postprocedure chest radiograph done 2 h after the implantation showed normal lead position and no evidence of pneumothorax. Postprocedure echocardiogram showed no pericardial effusion.
About 7 h after the procedure, the patient complained of sudden onset central chest pain that worsened with inspiration. The pulse rate was 84 bpm, blood pressure was 124/82 mm Hg and respiratory rate was 22 per minute. The lungs were clear with normal intensity of breath sounds on both sides. The heart sounds were of normal intensity and not muffled. A bedside chest radiograph was repeated in supine position which revealed no abnormality and showed normally positioned pacemaker leads (Fig. 1A) . Device interrogation demonstrated no significant change in the lead parameters. There was no pericardial effusion on echocardiogram with good echocardiographic windows. The patient was given symptomatic treatment.
However, the pain persisted and a decrease in the breath sounds on the right side of the chest was noted afterwards. Importantly, mediastinal crunch was heard on auscultation of the precordium. A bedside chest radiograph was repeated in semi-reclining position 6 h after the onset of symptoms which revealed pneumopericardium (Fig. 1B) . A non-contrast computed tomography (CT) of chest was immediately performed which showed right-sided pneumothorax with partial collapse of right lung with concomitant pneumopericardium ( Fig. 2A) . There was no evidence of chronic lung disease or bullae on CT. There was no obvious perforation of the RA wall by the atrial lead tip. However, a probable extrusion of the helix of the RA lead could not be ruled out definitively due to the artifacts created by the lead helix ( Fig. 2B and C) . A subsequent chest radiograph in the standing position clearly showed the right-sided pneumothorax (Fig. 1C) .
In view of the size of the pneumothorax (~50%), right-sided intercostal drainage tube was inserted. There was immediate resolution of pneumopericardium with gradual resolution of the pneumothorax over the next three days. Repeat device interrogation showed no change in device parameters and RA lead repositioning was not required. The patient remained stable and one week later, the chest radiograph showed no abnormality (Fig. 1D ).
Discussion
Permanent pacemaker implantation is usually a safe procedure; however, it can be associated with serious complications including pneumothorax and pericardial effusion. Pneumothorax is reported in <1% cases of permanent pacemaker implantation [1] and is related to needle injury to the ipsilateral pleura during venous cannulation.
Almost always, pneumothorax develops on the ipsilateral side. Pneumothorax of contralateral side has been uncommonly reported. Two possible mechanisms have been proposed for the development of contralateral pneumothorax after pacemaker implantation. The helix of an active fixation lead may perforate through the RA free wall causing injury to the adjacent pericardium and right pleura. The second mechanism is right pleural injury during Seldinger set introduction, especially due to injury to the extrapericardial part of the superior vena cava (SVC) with the guidewire or the dilator of the sheath.
Association of contralateral pneumothorax with pneumopericardium is even rarer. To the best of our knowledge, only three cases have been described so far, the salient details of which have been summarized in Table 1 [2e4]. In all these cases, the cause was perforation of the RA free wall by the atrial lead.
Patients usually present within a few days of the procedure with complaints of shortness of breath and pleuritic chest pain. The factors which increase the risk of atrial wall perforation include use of active fixation (screw-in) atrial leads, variations in RA anatomy such as thin walled or multilobed atrial appendage and fixation of lead in lateral or anterolateral wall of atrium. Lead design may have a bearing, especially in the case of magnetic resonance imagingcompatible leads which have increased diameter and stiffness [2] . Caution should be exercised in screwing of the atrial lead during placement especially in patients with bullous emphysematous changes in lung parenchyma due to chronic obstructive pulmonary disease (COPD) [2, 3] . Penetration of a pacemaker lead through the atrial wall is not uncommon. An autopsy study showed perforation of active fixation RA lead helices across the atrial wall through the pericardium into the pleura in 27% cases [5] . The majority of patients are asymptomatic and complications are rare.
Usually, the lead parameters change after lead perforation; however, there might be no change in lead parameters in some cases. This could be due to extrusion of the helix alone which is not a part of the electrode. A large part of electrode may remain in contact with atrial myocardium even after extrusion of the helix.
Pericardial effusion may not be seen, as in our case, likely due to plugging of the pericardial defect by the atrial lead itself. Since an obvious RA wall perforation could not be conclusively demonstrated in our case, an alternative explanation could be injury to the extrapericardial SVC and right pleura by the guidewire or sheathdilator system with seepage of air into the pericardial space via a 
Table 1
Reported cases with contralateral pneumothorax and pneumopericardium following pacemaker implantation.
congenital defect in the pericardium or microscopic pleuropericardial fistulas.
The insertion of intercostal tube should be considered when pneumothorax involves more than 10% of pleural space or hemopneumothorax is present. In our case, intercostal drainage was required because there was involvement of~50% of pleural space. Lead repositioning was not performed as the parameters remained unchanged on repeated device interrogation and the defect was felt to be healing with fibrosis so that lead removal could actually increase complications.
Conclusion
Contralateral pneumothorax with or without pneumopericardium is a rare complication and may be missed on an initial chest radiograph (as in our case) and may be associated with no abnormality on device interrogation. Awareness about the possibility of this complication is important. In cases with high suspicion, a chest radiograph should be repeated or a CT scan should be performed. The management depends upon the presence of symptoms, the hemodynamic status, the size of the pneumothorax and device parameters.
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